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摘 要 
 
本研究优化了测定海水硝酸盐氮、氧同位素组成的化学转化法，并将其运用
于中国第五次北极科学考察期间于白令海和楚科奇海，以及中国第 29 次南极科
学考察期间于南大洋普里兹湾及其邻近海域采集的硝酸盐氮、氧同位素样品的测
定，揭示出南极普里兹湾及其邻近海域、白令海、楚科奇海 NO- 3-δ
15N、-δ18O 的
空间分布特征及其影响因素，同时利用 NO- 3-δ
15N、-δ18O 值与[NO- 3]的关系计算出
上层海洋浮游植物同化吸收硝酸盐导致的氮、氧同位素分馏系数，获得了以下主
要认识： 
经一系列的方法学摸索，确定了测定海水硝酸盐氮、氧同位素组成的化学转
化法的主要流程为：25 cm3 天然海水样品用 100 mg MgO 调节 pH 后，直接加入
0.8 g 新鲜制备的泡沫 Cd，在 200 转/min 的条件下振荡 24 h，NO- 2 的产率可达
98-101%。添加 0.8 cm3 的叠氮化钠（2 mol/dm3）与醋酸（20% v/v）配比为 2:1
的缓冲溶液于 10 cm3 样品中，保证叠氮反应的 pH 条件最佳。此外，对富集、纯
化 N2O 气体所需的装置进行了摸索和改造，建立了一套用于吹扫、富集、纯化
液体中 N2O 气体的低温冷冻富集装置，并通过 Gasbench II 实现了与同位素比值
质谱的联机及自动分析。经过一系列平行测试，得到 N2O-δ
15N、N2O-δ
18O 的分
析标准偏差分别好于 0.32‰和 0.29‰，峰面积相对标准偏差小于 5%，具有很好
的分析精度。通过对硝酸盐氮、氧同位素标准工作曲线的多次重复性测定，证明
所用流程可获得极好的线性关系，且标准工作曲线十分稳定，重现性很好，完全
满足天然海水硝酸盐氮、氧同位素组成的分析。 
普里兹湾及其邻近海域不同水团硝酸盐的氮、氧同位素组成特征有所不同，
湾外CDW的NO- 3-δ
15N、-δ18O值分别为 5-5.5‰和~2‰；湾内陆架水的 NO- 3-δ
15N、
-δ18O 值分别为 5-8‰和 2-6‰；普里兹湾冬季水（50-100 m）的 NO- 3-δ
15N、-δ18O
值分别~7‰和~3‰；上层水体（50 m 以浅）的 NO- 3-δ
15N、δ18O 值分别 7-10‰和
3-5‰。普里兹湾及其邻近海域表层NO- 3-δ
15N值在湾内东南沿岸海域最高（~10‰），
陆坡区表层及湾外 75ºE 北部海域最低（~6‰）。NO- 3 -δ
18O 值的空间分布与 NO- 3
-δ15N 值十分类似，湾内东南沿岸高达~6‰，而湾外 75ºE 北部海域低至~2.5‰。
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NO- 3 -δ
15N 和 δ18O 的断面分布主要表现出两个特征：（1）湾内陆架区要高于陆坡
及湾外；（2）上层水体要高于中深层水体。NO- 3 -δ
15N、-δ18O 值与营养盐的空间
变化趋势大体呈镜像的对称关系，反映出生物吸收是导致普里兹湾及其邻近海域
上层海洋硝酸盐氮、氧同位素组成变化的主控因素。由 Rayleigh 模型计算出普
里兹湾及其邻近海域所有站位的 15ε 和 18ε 分别为 5.4‰和 5.3‰。若将 Rayleigh
模型分别应用于研究区域的湾内、陆坡和湾外，可获得湾内区域的 15ε 和 18ε 分
别为 2.6‰和 2.9‰，陆坡区的 15ε 和 18ε 分别为 4.9‰和 4.9‰，湾外区域的 15ε 和
18ε 分别为 12.9‰和 4.9‰。15ε 表现出由湾内向陆坡直至湾外增加的趋势，而湾
外的 18ε 也高于湾内，反映出浮游植物生长速率可能是影响 15ε、18ε 空间变化的
重要因素之一，该因素在以往的研究中却被忽略了。 
白令海海盆区 500 m 以深水体的 NO- 3-δ
15N 值和 NO- 3-δ
18O 值分别稳定在~6‰
和 2-4‰，自次表层朝着表层方向，NO- 3 -δ
15N 值和 NO- 3 -δ
18O 值逐渐增大，其中
白令海陆坡表层水体的 NO- 3 -δ
15N、-δ18O 出现最大值，分别为~14‰和~12‰。    
NO- 3 -δ
15N 值、NO- 3 -δ
18O 值与硝酸盐浓度之间呈负相关关系。基于 Rayleigh 模型
计算出白令海海盆区的 15ε 和 18ε 分别为 4.3‰和 4.6‰。 
白令海陆架区 NO- 3 -δ
15N 值和 NO- 3 -δ
18O 值的变化较大，分别为 5-14‰和
1-12‰。外陆架区的 NO- 3 -δ
15N、-δ18O 值的变化主要受控于生物同化吸收作用，
但近底层水体可能同时受到硝化作用和反硝化作用的影响，其中硝化作用可能相
对更为重要。中陆架和内陆架区 NO- 3-δ
15N、-δ18O 值的变化可能主要不是受到生
物同化作用的影响，而主要受控于不同水团及其物理混合过程，个别站位如 BN08
站近底层水则同时受控于反硝化作用的影响。 
楚科奇海陆架区 NO- 3-δ
15N 值为 6-18‰，平均为 11.3‰；NO- 3-δ
18O 值的变化
范围更大，为 2-15‰。对 R01 站、R03 站和 R05 站采自不同时间的样品进行的
研究表明，7 月份的 NO- 3 -δ
15N 值（平均为 13.1‰）要明显高于 9 月份（平均为
9.6‰），这种时间差异性可归因于浮游植物同化吸收硝酸盐能力的时间变化。在
空间分布上，NO- 3 -δ
15N、-δ18O 值在白令海峡附近海域的近底层水和高纬度冰边
缘区的表层水出现高值，而在陆架坡折处近底层水中较低。白令海峡附近海域硝
酸盐氮、氧同位素组成的变化主要受控于反硝化作用，脱氮过程越剧烈，则    
NO- 3 -δ
15N、-δ18O 值越高。在楚科奇海北部的陆架坡折处，反硝化作用和硝化作
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用可能同时影响到硝酸盐的氮、氧同位素组成，但硝化作用可能起着更为重要的
作用。 
 
 
 
关键词： 化学转化法；NO- 3-δ15N；NO
- 
3-δ
18O；极地海洋 
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Abstract 
 
Chemical analytical method for nitrogen and oxygen isotopes of nitrate was 
improved in our study. This method had been successfully used in measured nitrogen 
and oxygen isotopes of nitrate in  samples collected  in the Bering Sea and the 
Chukchi Sea during the 5th Chinese Arctic Research Expedition as well as in the 
Prydz Bay and its adjacent areas during the 29th Chinese Antarctic Research 
Expedition. The distribution of NO- 3-δ
15N, δ18O in the the Prydz Bay and its adjacent 
areas, the Bering Sea and the Chukchi Sea and their controlling factors were depicted. 
The factionation factors of N, O isotopes during nitrate assimilation were estimated 
based on the relationship between NO- 3-δ
15N, δ18O and [NO- 3]. The main conclusions 
had been obtained as follows. 
The critical analytical steps for measurements of NO- 3-δ
15N, δ18O in seawater had 
been set up by a series of experiments. In brief, 25 cm3 of natural seawater sample 
was adjusted for pH using 100 mg MgO, then reduced by adding 0.8 g fresh spongy 
Cd and shaken under 200 r/min for no less than 24 h. The reduction efficiency of 
nitrate was determined as 98-101%. The buffer solution was made by mixing 2 
mol/dm3 NaN3 and 20% v/v CH3COOH with a ratio of 2:1. 0.8 cm
3 of the buffer 
solution was added to 10 cm3 water sample to achieve an ideal pH condition for 
reaction. A cryogenic device for condensing and purifying N2O from liquid samples 
was installed. The automated online analyse was achieved by connection of the 
cryogencic devive to IRMS (DELTAplus XP, Thermo) through Gasbench II. The 
precision of the method was better than 0.32% and 0.29% for N2O-δ
15N and 
N2O-δ
18O respectively under 1SD based on a series of repeated analysis, 
accompanying with the relative standard deviation of sample (N2O) peak area was 
less than 5%. The standard curvses of 15N and 18O for international isotopic criteia 
were proven good linearly and steadily under repeated tests, indicating that this 
promoted method was suitable for analyzing nitrate isotopes in seawater.  
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The nitrogen and oxygen isotopes of nitrate were characteristic for different 
water masses in the Prydz Bay an its adjacent areas. NO- 3-δ
15N, δ18O were 5-5.5‰ and 
~2‰ for CDW in outer Prydz Bay, 5-8‰ and 2-6‰ for Shelf Water in inner Prydz 
Bay, ~7‰ and ~3‰ for Prydz Winter Water, as well as 7-10‰ and 3-5‰ for upper 50 
m water, respectively. The surface distribution of NO- 3 -δ
15N showed the highest 
(~10‰) in the southeastern coastal areas, and the lowest (~6‰) in the slope and the 
northern areas at 75ºE of outer Prydz Bay. The surface distribution of N2O-δ
18O was 
similar to that of NO- 3-δ
15N, with high values of ~6‰ in the southeastern coastal areas, 
and low values of ~2.5‰ in the northern area at 75ºE of outer Prydz Bay. The 
sectional distributions of NO- 3-δ
15N, δ18O showed two main characteristics: (1) NO- 3
-δ15N, δ18O were higher in the shelf waters than those in the slope and basin; (2) NO- 3
-δ15N, δ18O were higher in the upper waters than those in the middle and deep waters. 
A general negative correlation between NO- 3-δ
15N, δ18O and [NO- 3] was found based 
on spatial distributions of NO- 3-δ
15N, δ18O and [NO- 3], indicating a strong link between 
nitrate assimilation and N and/or O isotopes in the Pryzd Bay and its adjacent areas. 
Using Rayleigh model, the N and O isotopic fractionation factor 15ε and 18ε induced 
by phytoplankton assimilation were estimated as 5.4‰ and 5.3‰, respectively in the 
whole Prydz Bay and its adjacent areas. However, if three regions such as outer, slope 
and inner were designed, 15ε and 18ε were estimated to be 2.6‰ and 2.9‰ in the inner 
Prydz Bay, 4.9‰ and 4.9‰ in the Prydz slope, and 12.9‰ and 4.9‰ in the outer 
Prydz Bay, respectively. 15ε increased from the inner to outer Prydz Bay. By the way, 
18ε was also higher in the outer Prydz Bay than those in the inner Prydz Bay. The 
spatial pattern of 15ε and 18ε indicated that N and O isotopic fractionation during 
nitrate assimilation was affected by growth rate of phytoplankton, which was ingored 
in previous studies. 
NO- 3-δ
15N and NO- 3-δ
18O were almost constant with the values of ~6‰ and 2-4‰, 
respectively, in deep water below 500 m in the Bering Basin, and showed an increase 
from subsurface to surface waters. The high values of NO- 3-δ
15N and NO- 3-δ
18O, up to 
~14‰ and ~12‰, respectively, were observed in surface water in slope regions. The 
negative correlations between NO- 3 -δ
15N, δ18O and [NO- 3 ] in the Bering basin 
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suggested that Rayleigh model is suitable for isotopic fractionation factor estimates. 
15ε and 18ε in the Bering basin were calculated to be 4.3‰ and 4.6‰, respectively.  
The large variations of NO- 3 -δ
15N and NO- 3 -δ
18O were observed in the Bering 
shelf, with values of 5-14‰ and 1-12‰, respectively. The variations of NO- 3-δ
15N, 
δ18O were mainly controlled by phytoplankton assimilation in the outer shelf. 
However, NO- 3-δ
15N, δ18O in waters collected from the near-bottom depth were also 
affected by nitrification and denitrification, with a more important role of nitrification.  
NO- 3-δ
15N, δ18O in the middle and inner Bering shelf were not controllong by 
phytoplankton assimilation, but rather the physical mixing of different water masses. 
In waters collected from near-bottom depth in a few stations, such as BN08, NO- 3-δ
15N, 
δ18O were affected by denitrification simultaneously.  
Values of NO- 3 -δ
15N were 6-18‰ with an average of 11.3‰, and NO- 3 -δ
18O 
varied largely from 2‰ to 15‰ in the Chukchi shelf. Repeated samplings were 
carried out in R01, R03 and R05 stations at July and September, respectively. The 
average of NO- 3-δ
15N values was 13.1‰ in July, and higher than that in September 
with a value of 9.6‰. This temporal variation was induced by the primary production. 
The spatial distributions of NO- 3 -δ
15N and NO- 3 -δ
18O showed characterisitcs with 
higher values in the near-bottom layer adjacent to Bering Strait and surface water near 
ice edge in high-latitude, and lower values in the near-bottom layer in the Chukchi 
shelf break. NO- 3-δ
15N and NO- 3-δ
18O near the Bering Strait were mainly controlled by 
denitrification. On the shelf break north of Chucki Sea, nitrification and 
denitrification could be coupled, but nitrification might contributed more to the 
variation of NO- 3-δ
15N or NO- 3-δ
18O. 
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